Abstract Increased demand for oil palms has led to a massive expansion of logging and conversion of peat swamp forests in Southeast Asia. Although palm oil is a primary driver of economic growth, the unsustainable expansion of the oil palm industry has led to the widespread degradation of peat swamp forests. Birds have been studied to determine their responses to landscape changes in the North Selangor Peat Swamp Forest (NSPSF). We captured 1045 birds from 72 species of the NSPSF and 168 individual birds from 13 species in oil palm plantations using mist-netting. Our results show that peat swamp forest supports more bird species than the oil palm areas. Non-metric Multidimensional Scaling revealed that both vegetation types had an influence on bird species composition. SIMPER analysis also showed that the percentage of the assemblage similarity within the oil palm areas was 51.30 %, while it was 31.32 % in the peat swamp. We found that the populations of frugivores, insectivores, and omnivores were significantly higher in the peat swamp forest, whereas there was no significant difference in the granivores between the two sites. To conserve peat swamp forests, stakeholders should implement habitat restoration, maintain landscape connectivity, and retain a forest area network.
Introduction
Deforestation is rapidly increasing in tropical regions due to commercial logging and agriculture (Azhar et al. 2011; Posa 2011; Styring et al. 2011) . These anthropogenic activities are drivers of biodiversity loss and species extinction (Sodhi et al. 2010a; Posa 2011; Azhar et al. 2012) . Such activities have altered the amount, pattern, and composition of original vegetation (Aide et al. 2013) . One of the forest ecosystems that is severely affected by these activities is the peat swamp forest (Yule 2010) . Of 39 million hectares of tropical peat swamp forests worldwide, 26 million hectares are located in Southeast Asia (Rieley et al. 1996) . Tropical peat swamp forests are found on the flat coastal plains of East Sumatra, Borneo and West Malaysia (MacKinnon et al. 1986, Prentice and Parish 1992) . Large areas of peat swamp forests in Southeast Asia have already been cleared and drained for commercial agriculture, settlement, and other road construction (Aratrakorn et al. 2006; Yule 2010; Posa 2011; Azhar et al. 2012) . Such activities may completely alter the landscape and eliminate many of the specialized flora and fauna that are associated with these wetlands.
Southeast Asia has lost more than 30 % of its original peat swamp forests due to logging and oil palm expansion ). In the last 10 years, oil palm development was responsible for the loss of 4744 ha of mangrove, 383,518 ha of peat swamp and 289,406 ha of lowland forest in Sumatra (Yule 2010) . Large scale clearance of forests is a twentieth century phenomenon initiated by the rise of the rubber industry on the coastal plains of the Malacca Straits, and timber extraction, which, in its current massively disruptive form, began no earlier than the 1950s (Donald 2004; Fitzherbert et al. 2008; Sheil et al. 2009 ). The palm oil industry of Malaysia, which has consumed as much previously forested land as all previous enterprises combined, developed almost entirely within the last 20 years (Donald 2004; Wicke et al. 2011) . Tropical peatlands are being reclaimed and drained for oil palm plantations (Yorke 1984; Kang and Lee 1993; Gaither 1994; Hadisuparto 1996; Aratrakorn et al. 2006; Fitzherbert et al. 2008; Yule 2010; Azhar et al. 2011; Posa 2011; Azhar et al. 2015) .
Peat swamp forests comprise an estimated 744,557 ha in Malaysia (Mohd Azahari et al. 2014) . More than 70 % of these are in the state of Sarawak (Wong 1986) , while less than 20 % are in Peninsular Malaysia, and the remaining forests are in the state of Sabah. The North Selangor Peat Swamp Forest (NSPSF) is one of the largest remaining contiguous areas of peat swamp forest in Peninsular Malaysia (Azhar et al. 2011 ). The NSPSF is of particular importance because it is large enough to hold areas that may be conserved as representative natural wildlife communities (Kang and Lee 1993) .
The peat swamp forest is an important habitat for many migratory birds. They support diverse forest birds found in lowland dipterocarp forests (Jeyarayasingam and Pearson 2012) . Birds perform essential ecological functions (pollination and seed dispersal) which sustain the productivity of the peat swamp forests on which they depend for resources (Azhar et al. 2013 ). However, forest fragmentation and logging have been widely recognized as the drivers of avifauna biodiversity loss (Sodhi et al. 2010b) . Although a large number of studies exist on fragmentation and logging effects on species richness and the abundance of birds in forests (Barlow et al. 2006; Felton et al. 2008; Bregman et al. 2014; Sam et al. 2014) , there is very little information regarding birds in logged peat swamp forests, particularly in Southeast Asia (Kang and Lee 1993; Azhar et al. 2011) .
The loss of tropical peat swamp forests is, therefore, the key factor in the reduction of forest bird species richness (Kang and Lee 1993; Hadisuparto 1996; Jeyarayasingam and Pearson 2012; Yule 2010) . They are an important wetland habitat for many threatened and near-threatened bird species (Gaither 1994; Posa 2011; Yule 2010) , such as the Hookbilled Bulbul (Setornis criniger), Grey-breasted Babbler (Malacopteron albogulare), Storm's Stork (Ciconia stormi) and Wrinkled Hornbill (Aceros corrugatus), all of which are globally threatened (Posa and Marques 2012) . These endangered species are likely to disappear from Southeast Asia if more peat swamp forest areas are lost.
This study investigates the effects of landscape change on bird diversity by comparing the species richness, abundance, and composition of birds between a logged peat swamp forest and an oil palm area. To assess the effects of habitat alteration on the avifauna, we posed the following hypotheses: (1) bird species richness and abundance were significantly greater in logged peat swamp forest than those in oil palm areas; and (2) peat swamp forest would support more diverse species composition than oil palm areas.
Methods

Study Area
The NSPSF consists of the Raja Musa and the Sungai Karang Forest Reserves and covers an area of 73,529 ha. It is located on a flat coastal plain in the northern part of the State of Selangor (4°38′ 00″ N, 101°55′00″ E), covering 9 % of its total land area (Fig. 1) . The NSPSF is dome shaped, and the central part of the ecosystem is the most anaerobic part, causing the decomposition rate to be slower at the center than at the edges (Zulkifli et al. 1999) . Rainfall and occasional overflow from the Bernam River are the main sources of water that enter the NSPSF. The average annual rainfall over the area is estimated at 2300 mm/year (Malaysian Meteorological Department 2014).
The NSPSF is the second largest peat swamp forest ecosystem in Peninsular Malaysia. Logging occurred 20-30 years ago throughout the reserve range, wherein commercial timber species with DBH exceeding 50 cm for dipterocarp or 45 cm for non-dipterocarp families were extracted (Yule and Gomez 2009; Yule 2010) . The surrounding area consists of an agricultural landscape planted with oil palm plantations and rice fields. The NSPSF is characterized by tree species with small to medium sized crowns that are typically 30 m tall, and emergent trees are scattered throughout the area. Koompassia malaccensis (kempas), Santiria spp. (kedondong), Eugenia spp. (kelat) and Durio carinatus (durian) are the dominant tree species.
Mist-netting
To study the effect of landscape changes on the bird community, we surveyed the logged peat swamp forest (14 sampling sites) and oil palm plantations established on the peatlands (14 sampling sites) (Fig. 1 ). Sites were randomly established and spaced 1 km apart. We were granted eight days to conduct bird sampling in each location of oil palm planted areas by the local village elders and five days to access each site in the NSPSF by the forestry department. Two remote sites in the NSPSF were sampled for eight days by request because of logistic problems. Mist netting was conducted from May 2012 until December 2013 to survey the bird species in both habitats. Mist nets are widely used to study tropical understory bird communities (Gaither 1994; Barlow et al. 2007 ).
A total of 276 mist nets (12-m × 2.6-m, 30-mm mesh) were used at the study sites (oil palm plantations: 112 sampling days; n = 56 mist nets, four mist nets per site; the NSPSF: 76 sampling days; n = 220 mist nets, 15 or 20 mist nets per site). The mist nets were moved to new locations after we had netted for five or eight days at each site. The height of the mist nests was 0.5 m above the ground. This restricted our samples to understory birds flying within this narrow height range.
The mist nets were opened at 6:30 AM and closed at 7:30 PM on a daily basis except during rainy days. The nets were checked at regular intervals. Captured birds were identified, measured and fitted with aluminium rings provided by the Department of Wildlife and National Park, Malaysia and released at the site of capture. Birds were identified using the field guides by Jeyarayasingam and Pearson (2012) and Davidson and Yeap (2010) . The feeding behaviors of the bird species were grouped into five classes according to the bird species and food resources at the study sites (Jeyarayasingam and Pearson 2012) .
Statistical Analyses
Prior to the analyses, count data were square-root transformed, because not all of the data were normally distributed (ShapiroWilk Test for Normality, p < 0.001). We used one-way ANOVA to compare species richness, and abundance between the logged peat swamp forest and the oil palm plantations. We standardized our bird data using sampling effort as the weighting variable. The weighting variable was used to adjust values for all comparisons. To determine the sampling effort, we multiplied the sampling days with the number of mist nets.
To determine the similarities of the bird community in the oil palm plantations with that in the peat swamp forest, we performed an ordination of sites, based on the abundances of each bird species 159 at each site, using Non-metric Multidimensional Scaling (MDS). We also implemented an Analysis of Similarity (ANOSIM) to determine whether the bird species composition significantly varied between the oil palm plantations and the peat swamp. To ascertain the contribution of each species in the bird community, we used the Similarity Percentage (SIMPER). We performed univariate and multivariate analyses with GenStat 12 (VSN International, Hemel Hempstead, UK) and PRIMER v6 (Clarke and Gorley 2006) , respectively.
Results
Avian Species Richness, Abundance and Feeding Guilds
We accumulated 15,860 net-hours in the peat swamp forest and 5824 net-hours in the oil palm plantations. A total of 1045 birds from 72 species and 38 families were recorded in the NSPSF, and 168 individual birds from 13 species and nine families were recorded from the oil palm plantations (Table 1 ). All five conservation priority species were recorded in the NSPSF, but none in oil palm plantations (Table 1) . Our results indicated a significant difference in species richness (F 1,26 = 16.62, p < 0.001) between the peat swamp forest (mean = 14.44 species per sampling site) and the oil palm plantations (mean = 3.24 species per sampling site). There was a significant difference (F 1,26 = 10.60, p = 0.003) in the number of individuals caught, which was higher in the peat swamp forest (mean = 73.96 birds per sampling site) than on the oil palm plantations (mean = 10.89 birds per sampling site). Unexpectedly, we captured numerous large-sized bird species, including Japanese Sparrowhawk (Accipiter gularis), Barred Eagle-owl (Bubo sumatranus), Brown Wood-owl (Strix leptogrammica), Osprey (Pandion haliaetus), and Red Junglefowl (Gallus gallus).
The abundances of frugivore, insectivore, omnivore, and carnivore were significantly greater (F 1,26 = 10.08, p = 0.004; F 1,26 = 5.85, p = 0.023; F 1,26 = 12.39, p = 0.002; F 1,26 = 5.61, p = 0.026, respectively) in the peat swamp (mean = 12.96 birds per sampling site; mean = 14.44 birds per sampling site; mean = 30.25 birds per sampling site; mean = 8.41 birds per sampling site, respectively) than on the oil palm plantations (mean = 0.01 birds per sampling site; mean = 5.29 birds per sampling site; mean = 1.96 birds per sampling site; mean = 2.56 birds per sampling site, respectively) ( Table 2 ). There was no significant difference in granivore abundance (F 1,26 = 1.24, p = 0.275) between the peat swamp (mean = 0.49 birds per sampling site) and the oil palm plantations (mean = 0.09 birds per sampling site).
In the peat swamp forest, the most abundant species was the Yellow-vented Bulbul (Pycnonotus goiavier), represented by 298 individuals, followed by the Zebra Dove (Geopelia striata) with 147 individuals, the Olive-winged Bulbul (Pycnonotus plumosus) with 90 individuals and the Whitethroated Kingfisher (Halcyon smyrnensis) with 71 individuals. The other species included individual captures that totaled less than 5 % of the total captures (Table 3) . On the oil palm plantations, the Oriental Magpie Robin (Copsychus saularis), with 51 individuals, dominated, followed by the White-throated Kingfisher (H. smyrnensis) with 42 individuals and the Yellow-vented Bulbul (P. goiavier) with 23 individuals. Only nine forest-dependent species were recorded in the oil palm plantations (Jeyarayasingam and Pearson 2012) .
Species Composition and Similarity
We found that the bird community of the peat swamp forest differed from that of the oil palm plantations (ANOSIM, the number of permutations = 999; Global R = 0.681; p = 0.001). The MDS plot shows that the species composition differed between the peat swamp and the oil palm plantations (Fig. 2) . The values for the average dissimilarity between these habitats were high (80.73 %). Only seven species occurred at both sites: Yellow-vented Bulbul (P. goiavier), Olive-winged Bulbul (P. plumosus), White-throated Kingfisher (H. smyrnensis), Rufous Woodpecker (Micropternus brachyurus), Stork-billed Kingfisher (Pelargopsis capensis), Oriental Magpie Robin (C. saularis), and White-rumped Shama (Copsychus malabaricus). SIMPER analysis showed that the percentage of the assemblage similarity within oil palm area was 51.30 %. In contrast, the assemblage similarity within peat swamp forest was 31.32 %.
Discussion Species Richness, Abundance and Species Composition
A comparison between the NSPSF and the oil palm plantations showed that the oil palm plantations supported lower avian species richness. Our study indicates that the total number of birds captured was also higher in the peat swamp forest. The data presented here suggest that the composition of the bird community in the peat swamp is more diverse than that in the oil palm plantations. The richness of bird species is most likely to be attributed to the complex structure and greater plant diversity of the peat swamp species, such as Uncaria sp., Acacia magnum and Mangifera indica, and food resources such as invertebrates, fishes and amphibians (Kang and Lee 1993; Yule 2010; Wong 1986 and Posa 2011) . Azhar et al. (2011) found that species richness was higher in a logged peat swamp forest than on an oil palm plantation, possibly because the forest sites support a greater variety of food resources and better habitats for birds than oil palm plantations. Posa (2011) noted that large tracts of selectively logged peat swamp forest can retain a relatively large proportion of the original bird community, including threatened and disturbance sensitive groups, such as woodpeckers, but further degradation due to the fragmentation that results in drastic Azhar et al. (2013) found that converting forests to oil palm cultivation may potentially remove 48-60 % of bird species. It has been suggested that the distribution and abundance of bird species are determined by the composition of the vegetation and surrounding landscape that forms a major element of their habitat (Yorke 1984; Aynalem and Bakele 2008) . We recorded a lower number of species than a previous study in the NSPSF (Azhar et al. 2011) , which recorded more than 200 species using line transect sampling. Due to its closed canopy, the interior of an oil palm plantation receives little light and supports fewer shrubs. Thus, the Feeding guild by Jeyarajasingam and Pearson (2012) interior of an oil palm plantation supports fewer bird species. Recent evidence has suggested that oil palm areas may be less attractive to arthropods and their predators (Azhar et al. 2011) . This is similar to the findings of Turner and Foster (2009) , who showed that there were a lower abundance and biomass of arthropods, ants and termites in oil palm plantations compared with the forest habitat in the state of Sabah. In the present study, the peat swamp forest was more attractive for forest birds compared to the oil palm plantations due to emergent trees that reach heights of 10-20 m and provide a single layer canopy that is used by arboreal species such as Blue-tailed Bee-eater (Merops philippinus) and Thick-billed Green Pigeon (Treron curvirostra). These findings are consistent with the results of Peh et al. (2006), who found Asian Fairybluebird (Irena puella) and Large Woodshrike (Tephrodor nisgularis) in rubber trees rather than in oil palms. This is because the straight, tall trunks of mature rubber trees shared a stronger similarity with the peat swamp forest composition. Gaither (1994) and Peh et al. (2006) also suggested that the thin canopy of peat swamp forest provides direct sunlight and space for the development of understory and shrub layers that include lianas, epiphytes and hemiepiphytes, attracting some species of birds such as Yellow-bellied Prinia (Prinia flaviventris), Zebra Dove (Geopelia striata), and Red-eyed Bulbul (Pycnonotus brunneus) that utilize the different vegetation strata. Moreover, the results of this study are consistent with previous studies that showed that the conversion of peat swamp forests to oil palm monocultures resulted in changes in bird communities (Aratrakorn et al. 2006; Peh et al. 2006; Koh 2008b; Azhar et al. 2011 ). The current study shows that oil palm plantations created from converted peat swamp forests support fewer species than intact peat swamp forests. Isolated peat swamp forests, such as the NSPSF, which is surrounded by oil palms, may have lower bird species richness and diversity than unlogged peat swamp forests (Azhar et al. 2011; Posa et al. 2011) . With decreasing area and connectivity, fragmentation increases the length of the forest edge and the exposure to harmful edge effects, such as vulnerability to wind and fire, even though mature oil palms might provide protection along the forest edge (Aratrakorn et al. 2006; Fitzherbert et al. 2008 ).
Feeding Guild
Generalist birds from the families Columbidae and Pycnonotidae were observed to be dominant in the foliage fruit trees and bushes of peat swamp forest and had broad food preferences. Our results show that in the peat swamp forest, the insectivore guild ranked highest in species richness in both the peat swamp and the oil palm plantations, but ranked only second in terms of individual abundance. In contrast, the omnivore guild had the most birds in the peat swamp. The primary contributor was the Yellow-vented Bulbul (Pycnonotus goiavier). Zakaria et al. (2002) and Wong (1986) noted that bulbul species are known as habitat colonizers and are common in disturbed areas, such as logged forests. They can switch their diet between insects and fruit depending on the food types that are available. Wong (1986) suggested that the number of individuals in a guild reflects the availability of the food resources, while the number of species suggests that these resources can be divided finely. In the NSPSF, dominant plant species such as Macaranga pruinosa are preferred by the bulbuls. The Yellow-vented Bulbuls (P. goiavier) also have a variety of feeding preferences, devouring fruit on the trees and quickly fly from the trees to snap flying insects (Madoc 1976) ; the scarcity of fruit did not reduce its desirability (Wong 1986 ). The present findings seem to be consistent with other research which found that Greater Coucal (Centropus sinensis), Oriental Magpie Robin (C. saularis), Ashy Tailorbird (Orthotomus ruficeps), and Yellow-vented Bulbul (P. goiavier) were more likely to prey on common oil palm pests, such as Spiny Nettle Setora nitens, bagworm Metisa plana, and Segestes sp. (Desmier de Chenon and Susanto 2005) . These findings are similar to those from previous research (Koh 2008a ) that suggested that insectivore birds provide an important ecosystem service in controlling insect pests and function as predicted by food chain models. Our study showed that in general, 70 % of the bird species recorded on the oil palm plantations were also present in the peat swamp. However, these species were common and generalist species of lower conservation concern. This implies that the NSPSF was a highly disturbed habitat. The findings also suggest that the NSPSF was valuable with respect to functional diversity. More individual birds of frugivore, insectivore, omnivore, and carnivore were recorded in the NSPSF than in the oil palm plantations. Habitat complexity and diverse floristic composition in the NSPSF may be linked to these findings (Azhar et al. 2011 (Azhar et al. , 2013 . In contrast, lower abundances in oil palm plantations may be explained by habitat homogenization and dominant species (Azhar et al. 2014; Ghazali et al. 2016; Syafiq et al. 2016 ).
Conclusions
The peat swamp forest is an important wetland and supports greater avian species richness than the oil palm plantations. Similarly, the abundances of frugivore, insectivore, omnivore, and carnivore were higher in the peat swamp forest compared to the oil palm plantations. This study has shown that the conversion of peat swamps to plantations may adversely affect biodiversity and become a major contributor to forest degradation in the NSPSF. Hence, future oil palm expansion should not be permitted in peat swamp forests including those that were already logged. The most important strategy for conserving wetland birds will require protection of natural wetlands Fig. 2 Non-metric multidimensional scaling ordination plot of sample abundances for species netted at sites in peat swamp forest and oil palm plantations supported by better management of agricultural waterways in oil palm plantations (Sulai et al. 2015) . To reduce the ecological impacts of fragmentation, the NSPSF should be linked with nearby habitat patches and/or riparian forests via wildlife corridors. The corridors are extremely critical to improving landscape connectivity .
To safeguard the ecological integrity of the NSPSF, conservation agencies (e.g. forestry and wildlife departments) should give the highest priority to the protection and restoration of the NSPSF. It is recommended that logging activities within the NSPSF should be curtailed and closely monitored, thus preventing the destruction of peat land habitats for the avian community and countless species of flora and fauna. Because of its conservation significance with respect to biodiversityrich area, the legal status of the NSPSF should be upgraded from unsecured forest reserve to protected area (Sasidhran et al. 2016) .
